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The reactmns of tnphenyltm hydrxde and dipheuyltm dlhydnde w1th vmyl and allyl denvatxves of silicon,’ germamum,
tin and lead have been studied. Organometallic compounds containing two- and three metal dtoms, these being various
combinations of tin and silicon or germanium, have been obtained. Vinyl and:allyl compounds of lead appeared to bere-
ductively cleaved by phenyltin hydrides with formation of metallic lead. - The infrared spectra of the addition compounds
are presented and diseussed. . .- Separate absorption bands charactensnc of each dxfferent metal atom present are shown to be

useful for 1dent1ﬁcatton of these types of compouads

The formation of tul—carbon bonds by the ad-
dition of organotin hydrides to compounds con-
tammg.:oleﬁmc double bonds was first reported in
19562 and has been the subject of considerable study
atour Institute  sincethat - ‘timge; . Such -ad-

(1) . S Army Resea.rch and Engmeermg Command Na.tu:k Mass
work done in Utrecht under t.he ausp:ces of a Secretary of the Aruly
Research Fellowship. ' i

(2) G. J. M..van-der Kerk I G A, Ltujten and _T G Noites,
Ckemtstry & Industry, 352 (1956).

(8) (a) G. J. M. van der Kerk; J. . Noltes and J. (. A. Luitjen,

.d1t10n reactmns proceed in excelleut yleld m the

absence of any added solvent or catalyst; ‘especially
when the dottble bond is activated by the presence

of neighboritig ~ electron-attracting - substituents, -
It is noteworthy that attempts at synthesis of or-
ganotin - adduéts using hydrocarbon solvents and
peroxides:or -ultraviolet irradiation asa catalyst
were unsuccessiul,* whereas with the same react-
J. Apﬁl Chem., 7, 356 (1957), (b) G. J. M, van der Kerk and J. G.

MNoltes, bid., 9, 108 (1959).. -
{4) F. Fuchs and H. Gilman, J Org. Chem., 22 1009 (1957)
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ants, namely, “triphenyltin  hydride and =-
octene-1," the expected adduct was obtained in good
yield by carrying out the reaction in the absence of
solvent or catalyst.®

In this paper uncatalyzed reactions of organotin
hydrides with various vinyl and allyl derivatives of
silicon, germanium, tin and lead will be described.
These were carried out in an attempt to synthesize
compounds containing more than one tin atom as
well as compounds containing silicon, germanium
or lead in addition to tin.

Addition reactions of organometallic hydrides of
sificon and germanium to allyl derivatives of sili-
con, germanitm and tin leading to the formation of
organometallic compounds containing more than
one metal atom separated by a bridge of three car-
bon atoms have been described in the lLiterature.

" The results are far from wunequivocal Using
peroxide catalysis and a hydrocarbon solvent tri-

phenylgermane reacts almost quantitatively with
triphenylallylsilane® as does the sanie hydride with.

triphenyallylgermane® although in somewhat lower
yield. No product was, however, isolated from the
same reaction with triphenylallyltin? Under the
same conditions only reaction of triphenylsilane
with triphenylallylsilane® afforded an addition prod-
uct (1%, whereas with triphenylallylgermane® and
triphenylallyltin’ no products were isolated.

The reaction of triphenyltin hydride with the
monovinyl compounds triphenylvinylsilane, tri-
phenylvinylgermane and triphenylvinyltin gave the
expected addition produets I in good yield®
(CeHg)sSnH - (CoHs)M CH—CH, —>

{CSHE)aSnCHzCH;vM(C&Is)a
= 8, Ge, Sn

The reaction between triphenyltin hydride and
triphenylvinyllead yielded hexaphenyldistaunane:

and metallic lead. Whenever one of the wvinyl-
or allyllead compounds was treated with a phenyl-
tin mono- or dihydride the formation of metallic
lead was noticed after a short heating period. The

first traces of metallic lead formed appeared to,

catalytically acceleraté the reductive degradation of

the - organolead -compound. . Other exdinples -.of-:..

reduction reactions lnvolvmg triphenyltin hydride

and diphenyltin dihydride!® have recel‘lﬂy beed

reported.

The corresponding reactions between tnphenyltm o
hydride and the monoallyl compounds, when com-
pared to those of the corresponding. vinyl com-. ...

pounds, gave rather surprising’ results. . With, tri-

phertylallyltin- the ‘expected: addition: prodact, 1,3+ e,
bis-triphenylstannylpropane, was ‘isolated  otly: in®
stall yield®; triphenylallylgermane and triphenyl-

allylsilane yielded no products; and triphenylallyl-
lead was reduced to metallic lead. - Apparently
the double’bond in the vmyl compounds is activated

{5) R JH. Meen and H, Gilman, J.-Org. Chem.; 22 684 (1957)

(6) H._ Gilman and C. W Gerow, TaIs JourNAL, 79, 342 (1957)

{7) H. Gilmaa and J. Bisch, J. Org. Chem., 20, 763 (1955). :
) (S) For 4 discussion on the structure of addition prodiicts of organo—
tin hydrides see J. G. Noltes- and G. J. M. van der Kerk’ **Functionally
Substituted Organotin Compounds,” Tin Research Institute, Greenv
ford, England, 1958, p. 20.

I G Nolte_q and G. 7. M. van der Kerk Chemts!ry &‘Imiustry
204 (1959, -

(10) H. G. Ruivita and 0 F. Beumel, }'r
(1958)
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by the neighboring triphenylmetal groups, - pre-
sutably by a conjugative mechanism involving
d,p. bonding of the metal-to-carbon bond. The
mnactivation of the double bond in the allyl com-
pounds is at present not well understood.
Thereactionof triphenyltin hydride with di-phenyl
divinylsilane and diphenyldivinylgermane in the
molar ratio 2: 1 afforded the expected addition prod-
ucts containing three metal atoms (II) in good yield

2{CqH;)sSuH + (Csﬁs)zM(CH:CH'z)z —

(|:6H5 .
(CsHs)aSnCHﬂCHzl?JCHz(:HzSH(CsHs.}a

CeHls Il

= S§i, Ge

Reaction of two moles of tnphenyltm hydride with
diphenyldivinyltin afforded only 1,2-bis-triphenyl-
stannylethane. This indicates that the two re-
actants must-have -entered into an exchange re-
action” involving “either vinyl-hydrogen or vinyl-
phenyl exchange. The resulting triphenylvinyltin
reacts with the excess triphenyltin hydride to
yield the isolated product.

The reactions of two molecules of triphenyltin
hydride with the diallyl derivatives gave the ex-
pected results. No reaction was observed with

- diphenyldiallylsilane  or diphenyldiallylgermane.

However, reaction of triphenyltin hydride with di-
phenyldiallyltin afforded triphenylallyltin indicat-
ing that again either allyl-hydrogen or allyl-
phenyl exchange must have occurred. Here the
exchange product as a result of its low reactivity
toward triphenyltin hydride could be isolated (com-
pare the reaction with diphenyldivinyltin).

Finally reactions of diphenyltin dihydride with
two molar equivalents of the monovinyl compounds
were carried out, which gave abnormal results.
Instead of the compounds containing three metal
atoms (111}, products of type I previously obtained
by the reaction of triphenyltin hydride with the

monovmyl compounds were 1solated

(Csﬂa)zsﬂﬂx + 2(CsHa)3MCH CH&

...'_SI Ge,i8n: By e
: '(ilsHs

N (Cﬁs)aMCHzCHlenCHECHZM(CﬁHS),
— Iz CeHs

e (CeH ) SnCHCHoM(CeHg s - - -

Occurrence of vmyl—hydrogenexcha,nge may :be

ruled oirt in: the casé of M befiig silicon or germa-
nium, since’ the éxchange prodict tnphenylsﬂane
or triphenylgermane, respectively, could never give
rige to the isolated ‘products. Tt can not however
be ruled’ out ‘in the' case of M being“tin:. ‘Phenyl-
hydrogen-exchiange leading: to the’ formation of tri-
phenyltin hydride; which thereupen reacts with: the
excess monovinyl-compound. of silicon; .gérmaninm
or tint, may account for the reaction products. An

_altemaﬁve possibility i§ that the .intermediately

formed triphenyltin hydride results from. dispro-
portiontation of -diphenyltin _d1hyc_inde_acc9rdmg to

2(CoHy),SnHy —> (CoH)eSnH 4 CoHSuH; : -
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- Benizene and mietallic tin also formed in these re-
actions may well vriginate from decomposition of
the phenyltin trihydride. ~ The uncatalyzed dispro-
portionation . of -diphenylsilane to triphenylsilane
and phenylsilane recently has been reported.™. .
“Infrared Absorption Spectra. —The oceurfetice of
a charactéristic absorption band in. the region of
1050-1120 ccm.=! in the. infrared: spectra of IVth
main  group -aromatic. compounds - has been pre-
viously - discussed.’®'® - This, band; a perturbed
phenyl, vibration,. “shifts charactenstlcaﬂy to ' a
longer wave length dependmg on whether the metal
atomis silicon, germamnium,; tin or lead. . In Fig
1" the infrared spectra'in the region of 85-0.5 pof
five, compounds. contalmng more than oile metal
atom are. presented o

a'lbi |c':d Ie

al
Fig. 1.—Infrared absorption spéctra (8.59.5 u) of: a,
PhySnCH,CH:SnPhs; b, PhySnCH.CH,SiPh;; ¢, PhiSn-

CH,CH.SI(Phe)CHLCHoSnPhs; d, PhsSnCH.CHyGePhs;
e, PhySnCH,CHGe( Phs)CHCH,SuPh,.

Tt appears from these spectra. that a compound

containing two different metal atoms will display
two distinctive phenyl absorption bands in its
inirared spectrum. In 1,2-bis-triphenylstannyl-
ethane (a) only one phenyl vibration can be seen
in this region, namely at 1068 cm.—.  1-Triphenyl-
stannyl-2-triphenylsilylethane (b) and diphenyl-bis-
[2-(triphenylstannyl)-ethyl]-silane (c) show ab-
sorption characteristic of phenyl bound to silicon
at 1100 cm.—! and of phenyl bound to tin at 1070
cm. 7t Similarly, in the spectrum of . 1-triphenyl-
stannyl-2-triphenylgermylethane {d) and diphenyl-
bis-[2’-(triphenylstannyl)-ethyl]-germane (e) the
phenyl(germanium) and phenyl(tin) vibrations
{at 1085 and 1070 cm. ), respectively), can clearly
be distinguished. It is interesting to note that the
relative intensity of these bands depends on the
number of metal atoms present. For example (b)
containg one silicon atom and one tin atom each

(11) H, Gilman and D, H, Miller, .J. Org. Chem., 23, 326 (1958},

{12) 1. G. Noltes, M, C, Henry and M., J. Janssen, Chemisiry &
Industry, 298 {1959). )

(13) M. C. Henry and J. G. Noltes, THIs JoURNAL, 82, 556 (1960).

Vol. 82

of which is attached to three phenyl groups. The
band characteristic of phenyl bound to silicon is
considerably stronger in intensity than the corre-
sponding vibration characteristic of phenyl bound to
tin. Comparison with the spectrum of (¢) which
compound contains two tin - atoms attached-to 'a
total of six phenyl groups and one silicon atom at-
tached to two phenyl groups reveals that the latter
vibrations have almost the same inténsity here. * A
comparison between the spectracf (d) and (c) shows
an analogous. phenommenon. .

It is apparent that the perturbed phenyl vibra-
tions may serve as a valuable aid to structure iden-
tification and confirmation of this type of  com-
pound ' :

E Experlmelztall‘1 .

Starl:mg Materials.—Triphenyltin hydride and dlphenyl—
tin dihydride were prepared just prior to carrying out the
addition experiments using established procedures.® . The
preparation of the vinyl and allyl derivatives has. been

published elsewhere 'd |
e Tnphenyistannyl»btnphenylsﬂylethane —=A mixture of

- 5.0 g.(0.017 mole) of triphenylvinylsilane and 7.0 g; (0.020

mole) of triphenyltin hydride was heated in vaéno at 80° for
4.5 hr. - The reaction mixture had then almost solidified.
The mixture was dissolved in chloroform. Upon addition of
acetone, 5.8 g. (54%;) of glittering platelets with m.p. 203—
2058% settled out of solution. Recrystallization from di-
methylformamlde raised the m.p. to 207-208°. -

‘Anal.. Caled. for ngHa.;SlSn' C, 71.680; H, 539 Sl 4+
Sn 23.02. Found: C, 71.53; H, 570 Sl+Sn,2313

- -Tnphenylstamyl -2-triphenylgermylethane.—A mixture
of 6.0 g. (0.018 mole) of triphenylvinylgermane and 7.6 g.
(0.022 mole) of triphenyltin hydnde was heated zn vacuo at
70° for 6 hr. The solid reaction product was recrystallized
from henzene yielding 3.78 g. (32%;) of needles with m.p.
210-211°.

Anal. Caled. for CysHa,GeSn: C, 66.02; H, 5.03; Ce -
8m, 28.05. Tound: C, 66.91; H, 5.22; Ge + Sn, 28.31.

Bis-1,2-friphenylstannylethane.—A mixture of equimolec-
ular amounts of triphenylvinyltin (7.5 g., 0.02 mole) and
triphenyltin hydride (7.0 g.) was heated in vacuo at 70° for 4
hr. The solid reaction product was recrystallized from ben-
zene and from acetone vielding 7.1 g. (50%,)} of crystals with
m.p, 208-209°. A mixed m.p. with an authentic sample?
showed no depression.

Reaction of Triphenyltin Hydride with Triphenylvinyl
lead.—Equimolecular amounts of triphenyltin hydride
{0.90 g., 0.0025 mole) and triphenylvinyllead (1.16 g.) were
heated together under nitrogen at 70°. The color of the
mixture gradually turned from colorless to canary yellow,
until suddenly a lead mirror was formed on the bottom of the
flask. The contents of the flask were then taken up in hot
benzene. The metallic lead was isolated by filtration and
weighed 0.26 g. (52%). The filtrate was taken to dryness
and the residue recrystallized from acetone. Crystals with
m.p. 231-233° were obtained. A mixed m.p. with an au-
thentic sample of hexaphenyldistannane showed no depres-
sion, yield 0.55 g. (609;).

Diphenyl-bis-[2'-({riphenylstannyl}-ethyl]-silane.—A mix-
ture of 4.72 g. (0.02 mole) of dipheayldivinylsilane and 14.0
g. (0.04 mole) of triphenyltin hydride was heated in ecuo
at 80° for 4.5 hr. The reaction mixture had then nearly
solidified. The solid was recrystallized from ligroin and
from dimethylformamide; vyield 16.0 g. (88%), m.p. 143—
144°,

Amnal. Caled. for ngH@SlS]lz. C, 66.50; H, 5.15; Si +
Sn, 28.30. Found: C, 66.67; H, 5.39; Si + Sn, 28.57.

{14) All reactions involving triphenyltin hydride and dipkenyltin
dihydride were carried out in an atmosphere of dry oxygen-free nitrogen
or i pacno, Melting points (Kofler block) are uncorrected. Com-
pounds containing different metal atoms were analyzed gravimetrically
by determining the total weight of the metallic oxides obtained on
ignition. Only the total metal contentis given. Infrared spectra were
obtained with a Perkic—Elmer Infracord spectrophotometer.

(15 G. J. M. van der Kerk, J. G. Nottes and J. G. A, Luijten,
J. Appl, Chem., T, 368 (1957).
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D1phenyl 'ms—[z'—(tn henylsta.nnyl)]—gennane —Upon
mixing 2.81 g. (0.01 moleg of dlpheuyldwmylge_rmane and
7.0 g. (0.02 mole) of triphényltin hydride under nitrogen an
exothermal reaction occurred. Thereaction mixture became
viscous and after two hours had become a-solid glass. After
heating at 70° for-1 hour, the solid was twice recrystallized
?(-i%?? llgrom . white need]es with m. p 139—142“, vield 6.5 g.
o) .

- Anal, Calcd for C52H43G€S112 C 63 53 H 4 02; Ge—]—
Sn, 31.64. Fonnd: C 63. 87 H, 5. 01 Ge + Sn, 31.66.

Reaction -of Tnphenyltm Hydnde with' Diphenyldwmyl«
tin,—Whes a mixture of 6.0 g. (0.018 mole) of diphenyldi-
vinyltin and 12.6 g. {0.036 mole) of triphenyltin hydride was
heated undernitrogen at 90°, the reaction mixture gradually
solidified. . - Gas.was evolved and metallic tin separated.
The solid was recrystallized from benzene, acetone and di-
methylformamide, respectively. A solid with m.p. 202-
203° identified as 1,2-bis-triphenylstannyl ethane was- ob-
tained. A mixed m.p: with an .authentic sample was not
depressed and mfrared spectra were superimposa.ble, yield
6.8¢g, (52%. :

Anal. Caled. for CagHs.;Sng Sn, 32 61 moI. wt.,
Fouud: Sn, 82.73; ‘mol. wt, (Rast), 710.: .

.. Reaction of Diphenyltin Dihydride with Tnphenylvmylsxl—
ane,—A mizture of 3.43 g. (0.012 mole) of triphenylvinylsil-
" ane-and 1.65 ¢. (0.006 mole) o_f'diphe'nyltin dihydride was
hieated i an attnosphere of nitrogen-at 70° for 5 hr. and at
100° for 12 hr. After two hours:at the latter temperature
evolution of gas set in and metallic tin began to separate.
The gas was collected by condensation and shown, to be
benzene. The reaction mixture was taken up hi light petro-
lettm and the insoluble part was filtered (1.7 g. which melted
at ¢a. 180°).. Solution in hot d1methy1formam1de and filtra-
tion'yvielded 170 mg. (24%) of metallic tin," " Water wasadded
dropwise to the dimethyHormamide sohition and-the pre-
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cipitated solid, alter filtration, recrystallized from benzene—
petrolenm ether vielding 0.92 g. (24%). of . 1-triphenyl-
stannyl-2-triphenylsilylethane with m.p.” 201-204°. A
mixed m.p. with dan authentic sample showed no depresszon .
and the infrared spectra were superimposable.: -

Reaction of Diphenyltin Dihydride with Triphenylvinyl-
germane. —A mixture of 7.60 g. (0.023 mole) of triphenyl-
germane and 3.03 g. (0.011 mole) of diphenyltin dihydride
was heated under nitrogen at 70° for 5 hr. and at 100° for
12 hr.. Gas (identified as benhzene) was evolved and metallic
tin separated... From the semi-solid reaction product:there
was isolated 0.26 £. (20%,) of metallic tin and. 2.7 g..of a
solid with m.p. ca. 190°.: After several recrystalhzatlons
from ligroin and dimethytormamide the m.p! was raised to
208-210°. The solid was identified as I-triphenylstannyl-2-
triphenylgermylethane.: . A mixed m.p. with- an anthentic
sa.mple showed no depression and the infrared spectra were
superimposable; vield 1.60 . (217%). -

Reaction of Diphenyltin Dihydride with" Tr1p]1enylvmyi—
tin.—Gas evolution (benzene) and formation of metallic tin

" was observed upon heating a mixture of 10.60. g. (0.028

mole)-of -triphenylvinyltin-and  3:85 g. (0.014 .mole) of di-
phenyltin dihydride under nitrogen:at 70° for 5 hr. and at
From the semi-solid reaction mizture 2.75
£..(27%) of:1,2-bis-triphenylstannylethane with m.p. 201-
204° was isolated. ‘A mixed m. p. with an authéntic' sample
showed no depresslon a,nd the snfra.red spectra. were super-
imposable, |
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